WHAT'S KNOWN ON THIS SUBJECT: Asthma is a clinical condition treated mostly at primary care community clinics. Epidemics of asthma exacerbation occur annually with return to school after summer vacation and have been reported in many countries, including Israel.
Epidemics of pediatric asthma exacerbations requiring hospitalization occur annually when children return to school after the summer break, and have been reported in many countries including Israel. [1] [2] [3] [4] [5] [6] [7] [8] [9] The underlying mechanisms for this autumnal epidemic of asthma morbidity are thought to include some combination of infectious, allergic, environmental, and climatic stimuli. 2, 3 More specifically, environmental allergens, viral respiratory infections, exercise, environmental pollutants, tobacco smoke, and emotional stress may contribute to asthma exacerbations. 2, 10, 11 Start of school is precisely synchronized with the peak of this epidemiologic phenomenon, and thus the related morbidity may potentially be contained. 4, 10, [12] [13] [14] [15] Although most studies to date were conducted in the hospital or emergency department setting, the seasonality of asthma in the primary care (PC) context remains to be demonstrated. A seasonal increase in asthmatic exacerbations would create a major strain on an overextended PC system, which could potentially be averted by proactive treatment with anti-asthmatic medications.
The primary objective of our study was to investigate the seasonal trends of asthma exacerbations among a large population of Israeli children in the PC clinic setting, and to confirm whether the September epidemic of asthma previously described is also evident within the much wider setting of primary and community medicine. We carried out this study using data from a large managed care electronic medical records database between 2005 and 2009, providing a large study population, comprehensive diagnoses, and rich sociodemographic information.
METHODS

Setting
Clalit Health Services (CHS) is Israel' s largest health fund and serves as both insurer and health care provider, insuring 54% of Israel' s population and supplying most of the health care services within its system. These services include primary, secondary, and tertiary care (including a third of the acute care beds in Israel), as well as pharmacies and paramedical services. In CHS, children are predominantly treated at community PC clinics by board-certified pediatricians, nonboard-certified pediatricians, and general practitioners. Membership in 1 of the 4 Israeli health funds is mandatory and, although transferring is simple, members rarely move between funds (∼1% per year), thus enabling longterm case histories. All of CHS' s primary and secondary care physicians use an advanced electronic medical records system, which feeds into the central database of the organization. This database contains over a decade of patient-level data, including sociodemographic, clinical, health care use, and drug purchasing data. In addition, the system includes registries of chronic diagnoses.
Study Population
We conducted a historical population study between 2005 and 2009 including children 2 to 15 years of age. The CHS PC database includes both classification of underlying disease diagnosis and recording of acute episodes. Children were included if classified by their physician as having an underlying diagnosis of asthma. Among these children we analyzed acute episodes of asthma or wheezing between 2005 and 2009.
Variables
Asthma event: A diagnosis of acute asthma during a primary care physician (PCP) visit in the primary clinic setting was regarded as an exacerbation event. Often the asthma event was treated over a series of doctor' s visits, so an algorithm was developed to identify the date that the child first visited the doctor and received the diagnosis.
The week (Sunday-Saturday) within a calendar year was taken as an ordinal variable calculating from January 1 each year. School return occurs in general Jewish schools on the weekday closest to September 1 each year, usually the end of week 35 of the year beginning January 1. In ultra-orthodox boys' schools, return is based on the lunar Jewish calendar and therefore varies by several weeks according to the Gregorian calendar referred to above, each year.
Asthma medications included filled prescriptions of any of the following: bronchodilators, inhaled corticosteroids (ICS), leukotriene receptor antagonists (LTRAs), orcombination therapies.
We collected data of all physiciandiagnosed "upper respiratory infection" (URI) visits in the CHS PCP database for the period, and compared with asthma-related visits. We studied the ratio of these visit counts per week over 2 annual periods, the summer weeks 15 to 36 and the winter weeks 1 to 14 and 37 to 52.
Other covariates included age (categorized into 3 groups: 2-5 years, 6-9 years, and 10-15 years), gender, date of visit, type of locality (large town .100 000 inhabitants, small town 2000-100 000, or rural settlements ,2000), and population sector (at the CHS clinic level, as to whether it served predominantly General-Jewish, Ultraorthodox-Jewish, or Arab populations).
Statistical Analysis
Incidence of asthma exacerbations was calculated on a weekly basis. The analysis was performed by several methods. The first stage was examining autocorrelation of weekly asthma exacerbations in the community. As 52 weeks was indeed the leading lag time for repetition of peaks, we used annual recurrence as the basic model. To begin with the annual modeling, we separated the weekly pattern into annual recurrent patterns, inter-annual trends, and residual variation (using the R function acf). We searched for the first peak in the seasonal pattern. In addition, we calculated the time derivative of the weekly pattern (subtracting from the weekly rate the rate the week before) and again decomposed the seasonality pattern. We looked here for the highest seasonal peaks in the first derivative raw values, and for the highest peak in the seasonal pattern of the first derivative.
In addition, we looked at the raw counts by week of calendar year using regression, focusing on comparing calendar weeks 37 to 39 (mid-September) versus weeks 34 to 36 (August to early September), year (as a categorical value, to correct for random interannual variation), and accumulated for the entire study group and for various subgroup strata. The relative frequency of asthma-related visits as a fraction of all PCP visits per week was calculated to attain seasonal patterns for the entire study group and different subgroups. The frequency of medication purchasing as a function of season was modeled similarly. ANOVA compared the relative incidence between gender groups, population sectors, and urban/rural dwelling to test the relative strength of the September effect within each sub-segment. Interaction terms between calendar year and age group were tested to determine evidence of secular trends in asthma exacerbations over the study period. We further looked at weeks 31 to 41 and tested whether a step function (attributing a value 1 for weeks 37-41 and 0 for weeks 31-36) was predictive of a rise in asthma exacerbation incidence. This step function was entered into linear regression models to test for the significance of the association between asthma exacerbations and being within the school year beyond calendar year and ethnicity.
The study was approved by the institutional review board at Meir Medical Center in Israel.
RESULTS
A total of 919 873 members aged 2 to 15 years were identified in the CHS database during the study period. Described in Table 1 , 82 234 (8.9%) children were diagnosed as suffering from asthma or wheezing: 60.9% were boys and 39.1% girls; 28.8% aged 2 to 5 years, 31.1% aged 6 to 9 years, and 40.1% aged 10 to 15 years. Among the 30 967 children who had at least 1 visit associated with asthma exacerbation, 61% were boys and 39% girls; 49.1% were aged 2 to 5 years, 24.1% were aged 6 to 9 years, and 26.8% were aged 10 to 15 years.
The autocorrelation for both the incidence and the derivative of the incidence at lag 52 weeks was indeed the highest, with an autocorrelation factor of 0.25, which was significant at the P , .001 level. In Fig 1 we present the seasonal pattern of the incident cases for the general population. The vertical arrow represents the 37th week of each year (2 weeks after return to school). Inspecting the derivative function we observe that the largest changes each year coincide with week 37. In addition, we tested the correlation between a step function for a step with value 0 between weeks 19 and W-1 (variable) and 1 elsewhere, with W between 20 and 50. The function peaked at 0.609 for W = 37.
From 2005 to 2009 there was an annual peak in incidence of asthma-related clinic visits beginning the 37th to 38th week of the calendar year (corresponding to the 1-2 weeks after the start of school in September at week 35-36) and lasting until week 40. However, the size and shape of the peak was not consistent over the years, with clear inter-annual variation. After this initial peak, higher rates of asthmarelated PCP visits continue, although with much fluctuation, until the spring (approximately week 12 of the next year). A complex age-and seasondependent peak pattern was evident in Fig 2, with a 2.15-fold increase in incidence in the fraction of asthmarelated PCP visits from weeks 34 to 36 (August 20 to September 9, including return to school at the end of (Fig 4) . The rate of asthma-related cases increased in September compared with August, by 1.784, 1.993, and 2.009-fold for the general population, the ultraorthodox, and the Arab populations, respectively. Overall, the relative increase in asthma-related PCP visits compared with all PCP visits during this time period was 67% and 62% for ultra-orthodox and Arab children, respectively, while for the general population the fraction of asthma-related PCP visits increased by only 35%.
To test the association between URI and asthma exacerbations we analyzed the ratio between the number of visits with diagnosis of URI to that of asthma, splitting by age group (Figs 5 and 6 ). We saw that the September peak among the older children [10] [11] [12] [13] [14] [15] was far more pronounced for URI than asthma exacerbations, whereas for the younger children the ratio was almost constant, and that URI-and asthma-related visits had similar frequencies, including comparable rises in September.
An ANOVA model examining the ratios by week and age group explained 95% of the variance, while a model evaluating the ratios by week and population sector explained 93% of the variance. Both models were highly predictive (P , 10 216 for the weeks in each model). There were no major differences in asthma incidence between children living in large/small cities or rural settlements. There was a slightly lower incidence in Arab clinics.
A similar seasonal pattern was observed for the supply of asthma medications (Fig 7) . There was a 2. (Fig 8) .
We further studied the multivariable interaction between week and year in examining the effect of the week 31 to 41 period on asthma exacerbations. We first split the population by population sector and then assessed the interaction terms. We found that the week 37 indicator (as a step function, whether the week number was 31-36 or later) was a significant predictor (P , 10
215
). The interaction between population sector and week revealed a difference in the association between sectors. Among the ultra-orthodox the model of a 37-week step function and year was far less powerful, explaining 36% of variance, as opposed to explaining 69% and 58% variance for Arab and general Jewish sectors respectively, reflecting a smoother onset of the peak (Fig 4) . No interaction was found between urban and rural areas; within both settings there was a strong seasonal pattern with a highly significant spike at week 37.
DISCUSSION
In this paper, we describe the largest epidemiologic study to date on seasonality of asthma exacerbations within a community setting. The US National Health Statistics Report has documented the prevalence of asthma as 9.6%, and has reported on health care use and mortality for 2005 to 2009 among 7.1 million asthmatic children aged 0 to 16 years. 16 Our results show similar prevalence rates, with 8.9% of children diagnosed with asthma or wheezing. Our findings were also consistent with the US national report with no difference in prevalence rates between residents of urban and nonurban areas. The report, however, did 
FIGURE 4
Weekly PCP visits attributable to asthma (2005) (2006) (2007) (2008) (2009) ) by population sector. PCP are board-certified pediatricians, non-board-certified pediatricians, board-certified family physicians, and general practitioners.
ARTICLE not describe the seasonality of asthma exacerbations within their population.
Although there have been numerous reports on the September asthma epidemic in the hospital setting, these epidemiologic data extracted from hospital records should be interpreted cautiously, particularly when temporal trends are being evaluated, because patterns of health service use for asthma have changed significantly over the last 2 decades. PC service consumption has increased while inpatient hospital admission rates have declined. 3 Fleming et al 17 found 3 studies [18] [19] [20] showing decreased numbers of hospital admissions for asthma, and these results aroused speculation that more asthma attacks were treated in PC settings. Asthma is therefore perceived as a condition treated primarily in the community, by PCPs who manage both the chronic disease and acute episodes. Only those children who have severe asthma are referred to specialized hospital asthma clinics and these cases are relatively few. Therefore, the true incidence in the PC setting is more relevant for the physicians involved in treating this condition.
Previous studies that were communitybased have generally been limited to small cohorts. 10 The current study, accessing a database of almost a million children including over 80 000 asthmatic children in the community setting, substantiates the magnitude of this seasonal variation as well as identifying other seasonal trends not previously emphasized. This is supported by robust and statistically significant data.
We chose to examine the data in 2 ways, studying the increase in asthma exacerbations as a count per 1000 CHS members, and also as the fraction of all visits to the PCP. We believe this provided a further perspective on seasonal variations in asthma visits. Thus, although the change in fraction of asthma/all encounters could be attributable to changes in either the denominator or numerator, looking at the total counts showed clearly that asthma visits dropped lower in summer and rose higher after the return to school, compared with all PCP visits.
In our population, 2 processes seem to be taking place. There is a sudden increase in asthma episodes related to the beginning of the school year and a first peak in URI, and an additional peak 2 months later that is related, especially among the younger children, to a second peak in URI. This may well be season-associated. During the summer months the incidence of URI and asthma decrease dramatically. The considerable peak in asthma exacerbations observed immediately after the summer vacation when children return to school was inversely associated with child age, and thus less evident in adolescents. Although there was an overall increase in pediatric visits during this period after the long vacation when families commonly travel, the asthma-related visits increased disproportionately, indicating a true rise in incidence rather than a surge in access
FIGURE 5
Weekly ratio of URI-related to asthma-related PCP visits (2005-2009) by age group. PCP are boardcertified pediatricians, non-board-certified pediatricians, board-certified family physicians, and general practitioners.
FIGURE 6
Asthma-and URI-related PCP visits, 2005 to 2009 by age group. PCP are board-certified pediatricians, non-board-certified pediatricians, board-certified family physicians, and general practitioners.
to medical services. Asthma-related visits during the period amount to some 2% to 3% of all pediatric clinic visits during the first weeks of September, thereby adding a greater burden on resources that are already overstretched. This seasonal asthmarelated morbidity has been observed in all countries studied. Despite generally declining admittance rates for asthma-related conditions, this leads to a substantial seasonal rise in hospitalizations and emergency department visits and disrupts the quality of life for families who have children with asthma, as reported in Canada, Australia, and Israel. 1, 3, 4, 12 The peaks in emergency department visits, which are identical to those of inpatient hospital admissions in late September (around week 38), are of greatest magnitude in children and decline considerably with age.
When examining sub-segments of the study population, results of our study showed no difference in the asthma exacerbation trends between rural and urban settings, but yielded some differences among various cultural groups. A previous epidemiologic study in Israel suggested that asthma is significantly more prevalent in densely populated and urban areas than in rural regions. 21 However, our findings did not support these results. Although that study looked at differences in locality, it did not look at variations among different cultural sub-segments. We observed differences in the extent of the September incidence rise based on cultural group, with distinctions potentially attributable to variations in school schedules among the 3 groups studied. In general, schools in Israel open the first of September, week 35 of the year, after 2 months' summer vacation. The onset of the rise in incidence during September was not as pronounced in the ultra-orthodox sector, which may be explained by the fact that ultra-orthodox boys' (but not girls') schools open according to the lunar calendar, which causes the start-date to be earlier than the schedule of the general schools and to vary considerably each year, smoothing slightly the uniform peak over several years. In contrast, the rate of increase at week 37 among Arab children was more pronounced. Notably, Arab schools commence studies on September 1 every year, just as do the general Jewish schools.
Several explanations of the underlying causes of the seasonality of asthma exacerbations have been explored in previous research. It has been suggested that stress, possibly associated with school return, can worsen asthma symptoms in school children 22 and high levels of environmental allergens occur in the late summer. 23 Children returning to school after the summer vacation are re-exposed to respiratory viral infections, 10, 12, 13 most commonly rhinovirus at that time, 24 and sensitizing allergens in the school environment. 11, 25 Students in classrooms are at increasing risk for infection. Younger children may attend preschool, potentially exposing them to similar triggers as the older children. Furthermore, a child can expose siblings to viruses, with secondary cases of rhinoviruses in families typically occurring 1 to 5 days after initial exposure.
Children in the younger age group were more susceptible to asthma exacerbations at the start of preschool, whereas peaks in the older age groups occurred later. This suggests either that children aged 2 to 5 years may be the primary vectors of agents causing asthma, orare the most likely to present with symptoms of asthma at this time, while the triggers are carried by all siblings, including asymptomatic older children. The seasonality we have demonstrated for URI and its ratio to asthma episodes in the different age groups supports the latter possibility.
The real peak of asthma exacerbation may be even higher than reported. The increasing availability of asthma medications, as well as improved counseling on how these should be used, may have limited the need for parents to consult during their child' s acute asthma exacerbations. 19 These medications include b-agonist bronchodilators as relievers and ICS and/or oral LTRAs as controllers. Because families have supplies of all these asthma medications at home, they may start the treatment of a mild to moderate asthma exacerbation themselves. They may either visit the PCP later or manage the exacerbation entirely on their own. Indeed, there has been a recent decreasing trend in the use of long-term prophylactic controller medication, suggesting that giving controller medication as needed may provide similar benefit. 26 Nevertheless, in most families, when children who have asthma return to school and are re-exposed to risk factors, whether viral, allergic, stressrelated, or other, the lack of adequate controller medication may contribute to their risk for worsening asthma at this time.
Our data show fewer filling of prescriptions for asthma medication during the summer months. Hence, use of asthma controller therapy may be at its lowest level of the year immediately before school return. Indeed, adherence to ICS daily therapy in children has generally been shown to be poor, inconsistent, and highly seasonal, 27 and lowest in summer months when children are on vacation and not following their routine schedules. 1, 13 Prescription of asthma medications in children increases substantially during September. Scheuerman et al 1 reported an increased prescription rate of 63% and 60% in children aged 1 to 4 years and 5 to 14 years, respectively. This increment of prescriptions for asthma in September underscores the seasonality of asthma morbidity.
The trends in asthma incidence that we have observed could help in designing more effective preventive and treatment interventions. LTRAs have been shown by some to reduce the likelihood of exacerbations in children who have asthma during the September asthma epidemic. 28 Johnston and colleagues reported that, during the study period from September 1 to October 15, there was a 53% reduction in days with worse asthma symptoms (cough, wheeze, or trouble breathing) and a 78% reduction in unscheduled physician visits for asthma with montelukast therapy compared with placebo use. 28 That study demonstrated the effect to be greater in younger boys (aged 2-5 years) and older girls (aged 10-14 years), which is generally consistent with the present findings of increased efficacy in boys and older girls. In contrast, Weiss et al reported that montelukast use was not significantly more effective than was placebo use in reducing the percentage of days with worsening asthma when initiated at the start of the school year. 29 They also suggest that the period of risk on return may not extend beyond 4 weeks, after which treatment would not be expected to have an effect. Our data do not support this suggestion, as it shows that in our population a second peak occurs later in the fall and persists throughout winter, suggesting that controller therapy may be required for longer.
Previous studies in children have shown limited efficacy of ICS, 30 anticholinergic drugs, 31 and parent-initiated oral corticosteroids 32 in episodic childhood wheezing, which is thought to be primarily viral in nature. Similarly, montelukast was not efficacious in postrespiratory syncytial virus bronchiolitis despite its well-established efficacy in atopic asthma. Trials of montelukast for episodic wheezing in children have yielded primarily positive but inconsistent results.
It is possible that the September epidemic, which has a strong association with viral infections, is similarly less amenable to intervention with traditionally efficacious medications. However, others have shown that adherence to ICS in preschool asthmatic children, when accompanied by effective training in self-management, was associated with significantly better asthma control. This study took into account the seasonality of asthma. 30 Increasing adherence to prescribed inhaled asthma controller medication before and during the September school return period could be of benefit during this high-risk period, at least in the subgroup of children who have multifactorial asthma, and thus it may be effective in reducing morbidity.
CONCLUSIONS
Our study shows that returning to school after the summer vacation is strongly associated with an increased risk for a child experiencing an asthma exacerbation requiring medical attention. We propose that prophylactic treatment of asthma starting at the end of August should be considered in certain asthmatic children.
